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The present invention relates to an electrodeposition coating film-forming composition capable of 
forming a coating film with varistor property and to an electrodeposition coating method using said 
composition. In detail, it relates to an electrodeposition coating method capable of forming a coating film 
which imparts high throwing property, corrosion resistance, and edge cover property, by electrodeposition 
coating an electrodeposition coating fllm-f?rming coating composition containing molybdenum disulphide 
powder as a first coating layer, said coatino f-:n having varistor property and being smooth and excellent in 
corrosion resistance, on which a second co -j Inyer can be further provided by electrodeposition coating. 

Hitherto, It has been considered to be diliicult in principle to first provide deposits on a metal article to 
be coated by the electrodeposition coating method and after baking, further provide a second coating layer 
on the resulting coating film by electrodeposition coating because the first coating layer becomes 
electrically insulative. 

However, in Japanese Patent Publication No. 24566/74, tliere is found an example of such two-layer 
electrodeposition by electrodeposition conting. The method of this Japanese Patent Publication No. 
24566/74 is concerned with a method in v.hich using black iron oxide as an essential component and an 
anionic electrodeposition paint composition -s a vehicle, an article to be coated Is subjected to elec- 

eloctrically conductive coating film with marked properties 
i'/ity, surface characteristics, and corrosion resistance, and a 
- '■■/ electrodeposition coating. 

. .'-Open) No. r 1958/84, in order to improve the quality of the 
1 :::;*.;on No. 245?3/74, a coating film as a first coating layer is 
ri^ctrodeposilion paint composition with, as an electrically 
i.e., carbon black and/or graphite, whereby uniformity of the 



trodeposition coating and baked to form - 
regarding adhesive strength, electrical con 
second coating layer is further provided th -<- 
Furthermore, In Japanese Patent Kokc ;i 
method of the aforesaid Japanese Patent 
formed from a combination of a cationic 
conductive substance, finely divided carbon 



25 resulting coating film and high throwing pr'^-^oity are attained, and in order to further improve the corrosion 

for e>:' -:^ie, lead silics'\ lead chromate, lead acetate, or lead lactate 



resistance, lead compounds such 
are added. 

British Patent GB 1,283,144 e.'.-'o disr -- - 
oxide to impart electrical conductiv '.y to th 

As seen in the aforegoing examples, 
electrodeposition coating method, f use 
black iron oxide, carbon black, gr: S ite, 
electrically conductive substance. 

However, in the case of using blr -'< ■ 
electrodeposition coating composition as i i J. 
defect that since black iron oxide h-^s a hi^'i s; 
in which the electrodeposition paint is dikit vi 
article to be coated has a complicated si. jf 
formed. 

Furthermore, in the case that '- ■ 'bon i ac 
electrically conductive substance .-s in ,'r 
electrodeposition coating is carriei' ut ! 
anionic electrodeposition paint cc:^ osi'i- 
However, since carbon black and :r grap: ;. 
paint is inferior to usual cationic e!or trod>; ,.' i 
the rust resistivity, i.e. , corrosion .esistan .'. i 
corrosion resistance, it is preferab'- to adi i 
an electrically conductive electrodrpositic ' 
attaining the generally required com osion i - 
difficult, and a uniform electrically conduct! . ; 

The present inventors have made e> :. 
uniformity and corrosion resistan g and i 
found that an electrodeposition c;.- ig 
property forms a smooth coati' ■: 
described defects. 

That is, the present invention 
of forming a coating film with vari: 
disulphide powder per 100 part: 



•r.tOL; 
I' pI'Ol • 

Ij7 wei'v 



; a method f-^r two-layer electrodeposition using black iron 

; '^eating layer. 

■d:r to form - 1 electrically conductive coating film by the 
. -iectrically c : .ijctive substance Is necessary. Up to date, 
■ tal powder ■ ' i g., zinc, copper) have been known as the 

- oxide as .n electrically conductive substance in an 
anese Paten. Publication No. 24566/74, there is involved a 
; cific gravity s'^d is used in the state of an aqueous solution 
precipital:- .' is very vigorous so that in the case that an 
J, a uniform e .aiing film In the respective portions is not 

and/or graphi'e which is finely divided carbon is used as an 
,.se Patent Kol<ai (Laid-Open) No. 51958/84, since the 
j a cationic "rodeposition paint composition but not an 

. jrrosion rr ;nce of a formed coating film is improved. 
jcs not basi' , y have rust resistivity, the electrodeposition 
I paints fre i rim carbon black and/or graphite in terms of 
. cover, thci . i it is described that in order to improve this 
! compound. . nre is involved a defect that in the case that 
contains s' i a substance(s) in an amount necessary for 

..ai'ce in catii. : electrodeposition paints, the dispersion is 
al'ng film is l„;. ,;;ly obtained. 

■e inventigati' ;,s in order to obtain a coating with superior 
igh practic i soge. As a result, it has been surprisingly 
ig compo 1 which forms a coating film with varistor 
. erior cor: i resistance and overcomes the above- 

:octrodepn:. i coating film-forming composition capable 
ch conta • i om 7 to 50 parts by weight of molybdenum 
•' solids cc 'nt. The present invention also relates to an 
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improved coating method which compriios forming a first olGctrodeposition coating layer on a metal article 
by electrodeposition coating with the a'oovo-doscribed elcctrodeposltion coating film-forming composition 
and then forming a second electrodepc iticn coating layer on the first electrodeposition coating layer by 



electrodeposition coating with the above 
anionic or cationic electrodeposition paii 
layer, a voltage exceeding the varistor vr 
The varistor property as referred to i 
nonlinear resistance sensitive to a ch: 
exceeding the critical voltage (varistor vr : 
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tescii'oed electrdoposition coating film-forming composition or an 
. Iri ; rming the i^bove-described second electrodeposition coating 
3 cf the first electrodeposition coating layer is applied. 
. t!-.o present invention means an electrical characteristic exhibiting 
i jo of the voltage. That is, it means a characteristic that when 
•.T-e). the resist?.- ~o rapidly descreases to thereby flow a current. 



Though coating films obtained by el -cUiKie position c( cuing of paints containing conventional electrically 



conductive substances such as, for example 
conductivity, the coating film with varictor ; 
electrical conductivity at a voltage not I -jhi i 
exceeding the varistor voltage. 

In more detail, in forming a first e' :♦: 
electrodeposition coating and further for. .n : 
an electrodeposition coating film-formi ■ 
property, which contains from 7 to 50 p : 
weight of the solids content, the pre: 
electrodeposition coating layer with ve ' ■ r 
exceeding the varistor voltage (critical vc .. . 

The content of molybdenum disulp! 'o 
30 parts by weight, per 100 pr. !s by wf :ht 
the content is less than 7 part s by weig! ti , 
that even when the voltage \z increased, 
the other hand, if it exceed? 50 parts i ■ 
roughening, resulting in undesirably ad 
layer. 

If desired, the electrodepc-ition coa' 
be incoporated with color pigments, ext 
used in electrodeposition p?. -ts, so f 
composition may be incorpc 2'ed wit! 
antioxidants. 

As the main vehicle to be used in ! 
the present invention, usual r.. .ins for < 
anionic electrodeposition coating such ; 
cationic electrodeposition co' . ngs; and i ■ 

In undergoing the electicJcpositioi 
composition of the present i. .ention, ; ... 
trodeposition coating conditio- rif a dire ' 
film is suitably dried at ordin:; 

As the paint which can I; 
to the present invention, usu 



'emper; 
:sed in 



'ionic 

the above-described electrode, .osition c 

■■'ever, 
■ r to ta' 
iding tl-. 



can again be used similariy. I 
coating on the first coating I; 
varistor voltage, a voltage exc 
change. 

As described above, tti lirrt co?. 
varistor property and, therein , in fern 
and the system is mild, whof^ v the ser 

On the other hand, a c -^g fii- 
electrically conductive powc :uch ; 
electrodeposition coating an : refoi> 
smoothness of the coating fiii inferic' 

Furthermore, the molyljd im di; : 
thereby giving rise to a char:-, i .;tic ti 
resistant pigment is not use'-*. 



electrically conductive cart)on black always exhibit electrical 
r'-perty acco; ling to the present invention does not exhibit 
iiian a spr:: c voltage (varistor voltage) but exhibits it when 

'"position n.':!ing layer on a metal article to be coated by 
oreon a sc :nd electrodeposition coating layer by the use of 
-position c. pable of forming a coating film with varistor 
y weight of i .olybdenum disulphide powder per 100 parts by 
the following characteristics. That is, the first 
limed first whilst an electrodeposition voltage 



in. 'ention h.-;- 
r -operty if 
• .s applied, 
or -.'der is fro: 
-! 'he solid? I 

■ ., 3trical cr 
: ;cond elec. 

■ht, the f- 
affecting ', 

i...,i-forming c • 
jments, c 

■ -ley do r 
. ... usual ac' ii 



' 7 to 50 parts by weight, preferably from 15 to 
.-.!'^nt of the coating film-forming composition. If 
.;;ivity of a formed coating film is insufficient so 
coposition layer is not uniformly deposited. On 
ed first electrodeposition layer causes surface 
1 nish of the second electrodeposition coating 

-n-osition according to the present invention can 
ir' rciistant pigments, which have hitherto been 



^teriorate the varistor property. Further, the 
OS, activating agents, defoaming agents, or 

'.rodepo?:',: .-. coating film-forming composition according to 
position • can be used. Examples include resins for 
resins, p taciene resins, and acrylyic resins; resins for 
:r electro'' - ition powder coating (EPO) 
! by the of the electrodeposition coating film-forming 
otrodeposi:..-!! coating can be carried out under an elec- 
nt of from .0 'o 500 V. After rinsing with water, the coating 
-It from 8" 1 T OO C for a period of from 10 to 30 minutes, 
rodepos : ca: ng of the second coating layer according 
ic e'ecti - : -iJon paints and EPC can be used. Further, 
lilm-formii : romposition according to the present invention 
bed abc ir-^n.'. In order to undergo the electrodeposition 
a curr, ; 'i; - not flow at a voltage not higher than the 
voltage ' '., used. Other conditions do not particulariy 

r to be ; d according to the present invention has a 
second i . . g layer, an initial current value is controlled, 
•ting layer iin sucorior smoothness can be formed, 
formed '^ ' a fi : coating layer made of a conventional 
n) has a '' i 'iial current value as seen in the usual 
s evolu' . ' ncentrated in the initial stage so that the 

powder i \ a further superior corrosion resistance, 
:l corrosi - "3 ir.'nce is obtainable even when a usual rust- 
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Also, the present invention exhibits V^- I 
electrodepositlon coating can be crurie J o 
throwing property is obtained. Hov.ovor, :;, 
characteristic of varistor property, a iilghcr ;r„ 

5 the two-layer electrodeposition coating, if at tli 
is formed by electrodeposition coating at n v - 
been completely coated are subsequently su'.;. 
property is improved. Thereafter, if a voliar 
forming the second coating layer, the sea 

10 is improved. Thus, an increase of tlie filiii . 
further improved throwing property can be c. 

In accordance with the mc;h'- 1 of f. 
improved, and an improved ccrrrsic' res .: 
At present, in the field of ele ;rori 

75 resistivity, improvements and riosig: : re:: .. ,., 
resins, by suppressing the flowability in ;:,3 < 
edge portions is intended to be ensu. od. \ 'it' 
the flowability is depressed, v hereby tlic c( 
adding a rheology control an .nt, a simii:.; , 

20 caused such problems that tlio flowability 
lowered. 

On the other hand, accorc^ing to the n^c : 
completely disappears by the c ' :'. .depositio 
portions is readily carried c: n ; 3 el>:c;r. 

25 designing the paint, the elect. : j 

can be completely ensured, t ^suit g i < a 
prevented. 

In accordance with the prose: ; !: ■ 
coating. For example, in a t! :n-c i r. 

30 coating, an intermediate coat ' 1 b ■ ir, 
of pollution problems, and an ■ prov :no 
Furthermore, an improveniont o! qua 
example, in the case of an r^i^ric acryi 
process, the quality of corrof >: ■ 'anc . .. 

35 though in a cationic acrylic f i c pot Jo; 
electrodeposition coating filn- ' n r- -- y 
layer by electrodeposition c: c, 
acrylic electrodeposition pain;, a i. 
tance and weathering resis'.. ..-e - • .<:. 

40 improvement in the corrosion t'T iisL , ; 
achieved can be attained. 

Next, while the first coat' > nyc 
film-forming composition acc- >.g 1 1 tS 
comparable to the usual ele • clep cit:. . 

45 composition is further appii r:^ jc 
thickness, whereby the corrc .0 ::: 

Also, a usual cationic elr .<-. 
coating to increase the fiii; 1 ici^ , 
performances inherent there; .n i 

50 described in Japanese PatP ^ub' 
electrodeposition coating in r ; nila 
be exhibited. In the light of .j aL, 
double coating method, whir'i ~ ^uld : 
revolutionary coating step v , bi - 

55 can be practiced in various r- lors i- 
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: ig superior cinaracteristics. For example, since two-layer 
o the usual two-layer electrodeposition coating, a high 
..vo-stage current supply is carried out by applying the 
2 property is obtained. That is, in the case of undergoing 
I: ne of forming the first coating layer, the first coating layer 
- ;:■.'•• lower than the varistor voltage, portions which have not 
:'. d to further electrodeposition coating so that the throwing 
J. the varistor voltage or higher is applied at the time of 
• ng layer can be formed, whereby the total film thickness 
.ss which has never been seen in the past as well as a 

ent invc:'!:on, tiio cover property in edge portions is 
edge poi'icr.s ij obtained. 

coating far automobiles, in order to increase the rust 
. .:: 3 resins c:v,' pa::.!; are made. That is, with respect to the 
; portions a! the *i:ne of baking, the film thickness in the 
. . ect to tho ,.S,^.\z. by increasing the amount of a pigment, 

film thick;, OSS in the edge portions is ensured, and by 
, n is made. H-jwover, in any of these cases, there are 

coating film is in'orior and that the finish appearance is 

... the prese;n invention, the sharpness in the edge portions 
ating for l>t cor ting layer, and the covering of the edge 
sition ccr.'.ir.;; I r second coating layer. Accordingly, in 
:an be aci.iu.cj v ithout difficulty, and the film thickness 
advantao'j ' .:! ". 3 corrosion from the edge portions is 

. high fil:i ■-k ''<'s is obtainable by electrodeposition 
stem wh ■ jiently employed in automobile body 
It a deer- -L '^; ,: o number of process steps, prevention 

■.y are otrlai:':. io. 

'ling a ono-':o:;t ;j:octrodeposition paint is obtainable. For 
tion pain! . !^ich is presently employed for the one-coat 
120 to 2 ■ '•-.:. 3 in terms of the salt spray test. Further, 
, the qi: ,' / ;rrosion resistance is 480 hours, if the 
1 . of the [ :■; ;: vontion is applied for the first coating 
:ip!ying ti. ■ ;. ' 1 above-described anionic or cationic 
depositit .;! ;■'■) film having superior corrosion resis- 
vvith CC - . -:i 1 ones is obtained, whereby a great 
ylic elec: 10 n coating film which has never been 

electrodr ■ ' : oating of the electrodeposition coating 
nvention i: ; :.c :h and excellent in corrosion resistance 
1 films, ! ; s ::;i3 electrodeposition coating film-forming 
ilm by ( position coating to increase the film 

further i ■ ■ I. 

applied ; I ;oond coating layer by electrodeposition 
/ not 0:: ; :■'<-. rrosion resistance but also various 
thormorr ' ;:uL!;jdeposition powder coating (EPC) as 
S8s,'76 r , lied as the second coating layer by 

oby the 3 ormances which EPC possesses can 
;ible to i .c i ..;,.rgo electrodeposition coating by the 
3dbyth'- :■ .t . :nal electrodeposition coating. Thus, a 
non sen> i 1 !i onventional electrodeposition coating 
3oating. 
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[EXAMPLES] 

The present invention will bo 
these examples, all parts and perc. 

EXAMPLE 1 

Formulation of first component pas: 



"^rib ith referenco to Examples and Comparative Examples. In 
are 1 . )ight unless otherwise indicated. 



10 



15 



(1) Epoxy resin for catio. 


- pic; 


1 dispersion ("MR-iOO" made 


64.3 parts 


by Shinto Paint Co., Lid : 




. is matter con;ont: 70%) 




(2) 88% Acetic acid a-, . 


.i:S £ 


■ n 


2.0 parts 


(3) Butyl celiosolve 






13.0 parts 


(4) Molybdenum disul. 


;^ow>. 




167.0 parts 


(5) Deionized water 






160.0 parts 



First of all, the aforesaid conr -^■^nn^s ( 
20 average particle diameter of 2 mi. . ...• J th. 
have a particle diameter of not moio ilian 
obtain a first component paste. 



) (5) were mixed with 400 parts of glass beads having an 
:ture was dispersed in a paint shaker for one hour so as to 
■. Thereafter, the glass beads were removed by filtration to 



25 



Formulation of second component 



so' 



30 



35 



(6) Resin for cat: r ic elec; 


..pos; 


.eating film ("S-Via CED #700 


680.0 parts 


Resin" made by Ci.into Po 


: Co., 1 ■ 


lon-volatile matte: content: 72%) 




(blocked isocyancite-conta 


.nr, pol; 


idiene-modified p;-'oxy resin) 




(7) 88% Acetic ; JlI aque 


. lur 




3.9 parts 


(8) 50% Lactic acid aque , .. 






1 .3 parts 


(9) Propyl cellosc Ive 






15.0 parts 


(10) Deionized v. -.tor 






550.0 parts 



Next, the resin for ceiionic ek ope 
(8) and propyl celiosolve (9) were: : : : ;:d . 
deionized water (10) was .rnduall, . ,J ; 



coating film (6) was heated at 50 "C, and the acids (7) and 
.0 with stirring. After keeping the mixture for one hour, the 
resulting n-i :',urc :-■> obtain a second resin solution. 



40 Preparation of electrodepoii Jon bt. 



45 



1 Firs; >.J:.,,.„.- 


^ste 


352 parts 


Sec^ :~.J Cjmi 


.t resin solution 


1 549 parts 


1 Dci:'"*--i w: 




1410 parts 



so 



ss 



The aforesaid first f nponc 
deionized water was the: cradu 
bath having a solids con; . ' of 2C 

Using this electrode i.ion ! 
electrodeposition coating v is car: 
and then baked at 170'C i r 20 n 

Thereafter, the coati:"j liln v. 
paint for second coating ' ■ r, a l i u.. . j . 
Paint Co., Ltd.) under th . :iditii. i, 
minutes to form a cured ol jiroJ .position 
u). The coating film was ; ::.ooth ; i iKiiioi 



..n I 
ut I 
: tc 



second con.pc: '^nt resin solution were mixed, and the 
le mixturo :i 1 stirring to obtain an electrodeposition 

ol 6.2. 

ideposiiion p-.iiv ; r first coating layer was prepared, and 
the condilic:iG u . jwn in Table 1 below, rinsed with water, 
in a 15 u-thick good coating film. 

to electrode;- opiiion coating with, as an electrodeposition 
^deposition p-in ("S-Via CED #700 Gray" made by Shinto 
I able 1, rins ;. i with water, and then baked at 170*C for 20 
■ng film havic a ti>iokness, of 20 u (total film thickness: 35 
le test resu!;?, ol this coating film are shown in Table 2. 



5 
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pie ^arts of M0S2 per 100 
oarts of solids content 



15 

25 

50 



15 



20 



The same procedures as in E> le 

Incorporated was changed vs, descril: .bo\ 

Examples 2 to 5 having an M0S2 cc t rs 
were prepared. 

The respective electrod<!posltlon 
ranging from 6.1 to 6.4. 

Using each of these electrodepc ^n 1 

conditions shown in Table 1 to prepare ;oat' 

Next, using a cationic electrodepc .n |. 

second coating layer, electrodepositio latin 

the conditions shown In Table 1. Thuc ; rei 



ere repeatocl, except that the amount of M0S2 to be 
hus, four eirc'.rodeposltlon paints for first coating layer of 
■] from 15 n parts per 100 parts of the solids content 



;s f St coating 



IX had a solids content of 20% and a pH 



:s, electroc' oposition coating was carried out under the 

:im for firs'. :oaling layer. 

"S-Via CZ ) #700 Gray" as an electrodeposition paint for 
:s carried < .'t i.i the same manner as in Example 1 under 
shown in T„:jlo 2 were obtained. 



25 



COMPAFIATIVE EXAMPLE 



Black paste: 



30 



35 



40 



(1) i-.;2in for 


jnt jrsion ("M ' 


-ICD") 


74.1 parts 


(2) CG'Vo Ace'i. . 


- J c- iJS solutic 




2.0 parts 


(3) cellc 






23.0 parts 


(4) Ciirbon b' 






100.0 parts 


(5) Ooionized 


:■( 




176.0 parts 



The aforesaid compoi "s werr 
diameter of 2 mm, and the inlxture \ 
Thereafter, the glass beads were ren^, 

Preparation of electrodepos- iDn bath: 



■ed 



by 



1 375 parts c! glass beads having an average particle 
d for 2 hot: . £o as to have a particle diameter of 15 u.. 

;ion to obta!. . black paste. 





(6) Blac! .'::g a; ' 


:bc 


.'ve 




112.5 parts 


45 


(7) Secc : comp.. : 




' .ition (as ir. : 


->::.r,ple 1) 


637.5 parts 




(8) Deioi. ; J water 








1250.0 parts 



50 



65 



The aforesaid black p.: ! :■ and s 
was then gradually added t-i the m' 
carbon black content of 10°/= in the i 
15% and a pH of 6.2. 

Using this electrodepcsi'i-n pain' 
tion at a bath temperature 28 'C 
prepare a 15 u-thick coatiivj for ' 

While this coating film 1 i st r 
test for 480 hours. 

Next, using "S-Via Cr. ,'700 (; 
(total film thickness: 35 ix) . .vhlle It., 



; r- ■- nent resin ■ i on were mixed, and the deionized water 

vi; d stirring !. :pa:.-; an electrodeposition paint having a 

:lic ntent. The :'.rodt,jOsition paint had a solids content of 

:ic osphate-tre;. : steel plate was subjected to electrodeposi- 

'. J for 3 r. .o;„s and baked at 170'C for 20 minutes to 

■.:yer. 

la. d a good r. ..aranco, it was not passed in the salt spray 

a , -thick co£i . ; ''>im I ir second coating layer was formed 

:(:-. «as good, 1. ..orrosion resistance for 840 hours and the 
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corrision resistance in e l^e portic 
measured at 200 V for 3 ininutes , 
it was found to be 19 c:ti. Furthc 
not higher than the varittor voltag 
to be zero as shown in Table 2. 



; II t passed as slv- -n in Tr;ble 2. When the throwing property was 

I a c Dncli.ion of the f n thick iess of 20 ix) by the Ford pipe method, 

en t! 3 6 1 jctrodepc ■ n for socond coating layer was carried out at 

>ir • lan 150 vv 'v.i covcrability of throwing property was found 



COMPARATIVE EXAMPLE 2 



10 


Corrponent 


Parts 




(1) ' 


jr r igr-^nt dispc; si i 


74.1 




(2} - 


y- : a - d aqueoir: ■ ''j'Jon 


2.0 




(3) 


c-ji;. Oi.M 


23.0 


15 


(4) 


, !-;, .... 


85.0 




(5) L 




15.0 




(6) [. 


,...jd ".va'.cr 


176.0 



25 



30 



35 



The aforesaid components we- 
paint having a solids content of 15' 

Using this paint, a zinc phosp 
ture of 28 'C and at 170 V for 3 
having a film thickness of 15 i. 
surface state. 

Next, using "S-Via CED .*7C: 
appearance thereof reflecte d t: 
distribution was somewhat nvn-uiv 

When subjected to tlie salt s ; 
corrosion resistance in e '•je porilc 

When the throwing oroporty 
thickness of 20 u) by ihe Fo: : 
trodeposition for second -c:; : ^3 ; 
150 V), the coverability c. ;l ., wi: 

COMPARATIVE EXAMPLE 3 



in ire same rri;., ner as in Comparative Example 1 to prepare a 



H n 6.3. 

; ate was ; 
an^ baked a' '. 
film wat - 

Llnick coa' 
-..:hness of ■ 
3 37 u. 

. the corr'~'~' 
■l i - as 10.8. 

, ur... I at 210 '.' 
, it was ' 

■■■i J cut at i- ■ 
'nlorior a . 



■acted to electrodeposition at a bath tempera- 
TC t- 20 minutes to prepare a coating film 
.-.ovv!-,: non-uniform with respect to the film 

...n \' <' second coating layer was formed. The 
first ' oating layer, and the film thickness 

- rosi?; mce in planar portion was passed, the 

;, :r 3 ir.inutes (under a condition of the film 
iri to ')e 19.5 cm. Further, when the elec- 
\, : ,c . : an the varistor voltage (not higher than 



40 



An electrodeposition bafli wa' 
the molybdenum disulfi : 1 r 1 ■"'<:! 
electrodeposition bath, t' 0 s ime 
2. Because of too a sma 1 ce nter: 
electrodeposition coatin^ 'i!n ar : 



• J same r .. . a^ i i Example 1, except that the content of 

ci. x\ to 5 par; . r 10; parts of the solids content. Using this 

^ i iinple 1 wa-. ■ vied o it to obtain the results shown in Table 

rn disullic :ctrlcal conductivity was not obtained, and an 

' " a! g layer >■■. :t forr-ed. 



COMPARATIVE EXAMP' 



45 



An electrodeposition i:,a;,i w: 
the molybdenum disulfi '0 powd 
electrodeposition bath, tii.3 same 
2. The resulting film sur',>co cavi 



3 same 11 ar i Example 1, except that the content of 

to 60 I a : ; ' parts of the solids content. Using this 

pie 1 v. a , ic' ait to obtain the results shown in Table 

.!iness a:- ■ ' in the finishing. 



50 



65 



7 



BEST AVAILABLE COPY 



: ABLE 1 





(■ 


:Ctrodepo on Coatin; 


; C -iiditici) 


5 


Coating r 




Coating Condition 




1 . Work article 

2. Surface treatment 


stc It plate 
" wilder: e #3020 treanfient 


10 
15 


3. Electrodepositi' HI coating 


■ ■ c - J layer) 


C . ids content: 20% (ajustment of 
■ ,1s c jntent with deionlzed water 
V age: 100 to 350 V 
Ci-.arge lime: 3 minutes 
0 rh temperature: 28 ± 1 'C 
r tlii' kness: 15 u 
ior : . )se: yes 




Baking 


r^T :nini''es at 170*C 


20 


4. Electrodeposltioii coatin j 


:.iid ( '.g layer) 


!s 1 intent: 20% 
: g 150 to 400 V 
. go iime: 3 minutes 
' ' . !c iperature: 28 i 1 'C 

. 1 ti : kness: 20 u 
■/...'or i;-ise: yes 


25 


Baking 




. 3sat170*C 



30 



35 



40 



45 



50 



3 
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BEST AVAILABLE COPY 
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BEST AVAILABLE COI 
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[Test Method] 

(1) Salt spray test: BEST AVAILABLE COPY 



5 


According to the salt spray t 




1: JIS Z237-, 






(2) Throwing property: 










According to the Ford pipe it". 








10 


(3) Corrosion resistance in edge ; 


31 








A cutter blade made of an S " 


ft S' 


[ late (connmeri iai product: OLFALB-10 B large-sized blade) 




having a length of 100 mm is ^, 




1 a surface ! 


o;:',ment with Bonderite #3020 and then to a 


15 


prescribed electrodeposition cor 


tr 


, : illowcd by 


rcvlding for the tests. 




The corrosion resistance to^ 


'"■ 


; i 1 a manr :;: 


in which the test is carried out for 120 hours by 




the salt spray test as defined L , 




. ;nd the ra:. 


rii;or of pitting corrosions are read by using a 




magnifying glass. The numerical 


; ( 


.:.,.-.8d as an a 


.'crage value of n =3. 


20 


(4) Varlstor resistance: 










Using each of the electroder 


P'c. 


r.hs of Exan 


pi . s 1 to 5 and Comparative Examples 1 to 4, a 




0.3 X 100 X 100 mm steel pla,. 


■9 ' 


• subjected 


1 a surface treatment with Bonderite #3020 is 




subjected to electrodeposition c 




conrlition: 


r Town in Table 1. rinsed with water, and then 


25 


baked. The thus coated plate i 




■. 1 resi:t;'/'. 


II, YHP1608A (made by Yokogawa-Hewlett- 




Packard, Ltd.) and examined fp: 




. jnt char:-.:'. 


::c at an applied voltage in the range of from 




0 to 100 V by means of a ?~ 




• nctor sr 't', 


• ("YHP4145B made by Yokogawa-Hewlett- 




Packard, Ltd.). Then, the v& o 




:io:i, 1 = ■, 


- is calculated, and if n is 1.5 or more, the 




varistor resistance is deterr.irr- 




. whorean ' 


:. is less than 1.5, the varistor resistance is 


30 


determined to be not found. 










The following can be conclu ' 


i i;i til- 


;going rest 


i'lS. 




(1 ) If the amount of M0S2 is 


1, ; 


.:face rou'j. 


ness is found, whereas if it is less than 7 parts. 




the charge does not take r - 


cr 


; ly, the f.l 


content is from 7 to 50 parts by weight. 




practically from 15 to 30 pari 


glr 


lOO parte 1 


■ - eight of the solids content. 


35 


(2) The film thickness of the 


-Jnr 


"■1 ccri'.inn ; 


as first coating layer (in the dry state) in the 




range of from 5 to 30 !'m 




.'1 10 ','1 ■' 


' TT. Further, the film thickness of the elec- 




trodeposition coating film nr 


r 


ayc! '.n : 


T.o i thereon is from 5 to 50 um (preferably 




from 10 to 40 urn) in th 




■ n'c dec a 


'■"'^i.ion paints and from 5 to 200 um in the 




case of the EPC paint, re 








40 


(3) The electrodeposition 






/. . examined for the throwing property under a 




set-up condition of a film tliic:- 




,■ the Ford 


method, and the results obtained are shown 




in Table 2. 










The aforesaid pipes and 


■A' 


.It rinse;! ■. 


;h water and baked at 170 "C for 20 minutes to 




form a cured electro-depo?iti 








45 


Further, using the f 




-'.•I'l rl'~' 


well as "S-Via CED #700 Gray" as the 




electrodeposition paint V. 




■J l.v,-:r, •'. 


lov.ing property was measured at a coating 




voltage of not higher tt- n i 




■0 ••■r 1 ■ 


to, and the results obtained are shown in 




Table 2. 










In the MoS2-contair 






he first coating layer which has already 


50 


been formed is electrice 




] is ■ 


1 ;:i a portion where the first coating layer is 




not formed, and a cover 




■■ ■• -irl-- ■ 


n :^ 0 to 1.0 cm is found. On the other hand, 




in the case of using elec:; ;:. 






;.r one minute), since the portion of the first 




coating layer where the co 


n 1. 


Tied exi.r. 


-: electrical conductivity, an electrodeposition 




coating film is formed si 


■1 ■ 


't'.ion, V 


: y no coverability of the throwing property is 


55 


found. 










(4) Improvement of the r : : 










A cutter blade havir i: . 






nc t with Bonderite #3020 was subjected to 




electrodeposition coating ;. 




CO'..' 'K 


s xamined for the corrosion resistance in 



26 327 01 



BEST 



Y 



10 



15 



edge portions. The results ■ litr; 
A coating film obtained 
Accordingly, since in t:.o 
coating, a special edge cove: 
hand, in the case accordimj 
disappears by the electrod:;;: 
property by the paint for t 'o . 
corrosion resistance in edg o 
(5) The finishing of the cof . ,. 
coating film of Example 3 < id 
top coat paint (a melamine ■ alkv 
and two bake type (total tt. kr 
20 u) having a top coat di 
three bake type (total thic : 
type) provided therebetwec v 



c1 /I 



ir Table r. 
r #700 Crny" r. 
T'.iodejpc ;io;i c 
i' on pciir.t is li 
' f tlio pre. .1. 
. applied • 
': ver is giiC'.l, v. 

X'. 

:kness of 30 :i ■ 
1 vng a • ;ti; 



<r\e revealed a bad result as 25.8. 
ing, it is impossible to undergo double 
lired in the edge coating. On the other 
nvention, the sharpness of the edges 
. first coating layer, and the edge cover 
;oreby a corrosion-resisting effect of the 

lectrodeposited coating film (15 u of the 
total = 35 n) having provided thereon a 
ns explicitly better than that of a two coat 
3 singly of "CED #700 Gray" (thickness: 
■ le finish appearance of a three coat and 
coat paint (an oil-free melamine- alkyd 



EXAMPLE 6 



An MoS2-containing anir 
20 aqueous polybutadiene-mod'' 
trodeposition paint for the firs' 



■ paint coiii-: 1 nding to "S-Via AED #300" using an 
: -^c ?A. ■ Paint Co., Ltd., was used as an elec- 



Anionic electrodeposition pig:- 



(1) Resin for pi>y n: 


" ■ ly-bi:'.;.^: S:. 


1 made 


64.0 parts 


by Shinto Paint Oo 


i nat'-r c y.M : 


:;1.5%) 




(2) Triethylamin . 






7.1 parts 


(3) Propyl celloE ' . 






48.2 parts 


(4) Molybdenur 






149.4 parts 



35 



The aforesaid componen 
particle diameter of 2 mm, p 
particle diameter of not more 
dispersion paste. 



-cd w : • arts of glass beads having an average 
.:cr: i nt shaker for one hour so as to have a 
the g ; .'.s were removed by filtration to obtain a 



Preparation of electrodeposii 



(5) Dispersion pr 






268 parts 


(6) Resin for anu 




^300 


399 parts 


made by Shinto : 


Mo 


nt: 80%) 




(7) Melamine resi 




omical 


7.7 parts 


Company, Limile 

(8) Triethyiamini: 

(9) Deionized wa; r 






42.4 parts 
2854 parts 



so 



ss 



The aforesaid compone .i 
After stirring for 30 minutes, i 
higher than 50 'C for 2 hours. 

Thereafter, the mixture 
electrodeposition bath having 

Using the aforesaid eie. 
electrodeposition coating at : 
for 20 minutes. A thus torn, . 
state. 



argo:', i....' miponent (8) was added under stirring, 

s adt:o I. .'. 13 mixture was kept under stirring at not 

..duaiy ; the deionized water (9), to obtain an 

■ • 'io : . • . 2. 

zi'v i-ireated steel plate was subjected to 

T c V for 3 minutes and calcined at 170 * C 

n iM ' . a and exhibited a good coated surface 



1 
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BEST AVAILABLE COPv 



Using "S-Via CED 47C0 ^ra^ 
coating. As a result, a 20 u-t: k c 
good quality. 

This coating film war s i; cter! 
film as first coating laye 5 t ) ar 
passed at 360 hours and o ;0 I. urr 



: coaii: lay. i ..• is provided thereon by electrodeposition 
MS do; o:;;oc' .- i the coated surface was uniform and of a 

' pray ; . A : suit, both of the electrodeposition coating 
lepoF J 1 c ;! ' film as second coating layer (35 u) were 



EXAMPLE 7 



JO 



T5 



20 



Using the MoS2-conta; ~;n : e' 
trodeposition coating film a: t; . fii 
electrodeposition paint ("C \'\ ■ Af 
provided thereon by ele Jr. .: is: 
and baked at 170 'C for 2 j : nut 
deposited, and the coatRi r :; -o v 

On the other hand, f- z c ho 
an AED #300 electrodep :c :c pa , 
at 170* C for 20 minutes to ob.^in .'. 

These coating films were ^ub, 
singly of AED #300 (20 u) and the 
and 840 hours, respectiv .1, . 



on p.'.:; 
■ 3r wa'~ 

le by 
A a L,. 

■It, a i 
■■nd of . 
.; stco; 

3mpe: 
, havirv 

salt s. 



used in Example 3, a 15 n-thick elec- 
jnder the same conditions. Using an an ion 
t Co., Ltd.), a second coating layer was 
re of 28*C and at 250 V for 3 minutes 
had a film thickness of 20 w. was further 
■•y. 

ejected to electrodeposition coating with 
C and at 200 V for 3 minutes and baked 
<;iess of 20 u. 

s a result, both of the coating film made 
.*,ing film (35 u) were passed at 360 hours 



EXAMPLE 8 



25 



30 



35 



Using the MoS2-ccnt;. 
trodeposition coating filrr ? 
("Bonderite #1077") Ue 
Paint Co., Ltd.), a ser 
temperature of 28 * C ar : : 
film had a film thicknes' o' 
quality. 

On the other hand, ■' ■ 
AED #108 at a bath ten pr 
to obtain a coating film 

These coating films v 
singly of AED #108 (20 } 
and 720 hours, respecti "^l 



c 
fir 



n f- 
jr v. , 

pio.-' 



•.t i: 

1! 20 !- 
sal; ; 
:trc 



•ised in Example 3, a 15 u-thick elec- 
1 a steel plate treated with iron phosphate 
It ("S-Via AEG #108" made by Shinto 
.3y electrodeposition coating at a bath 
• C for 20 minutes. As a result, a coating 
.ated surface was uniform and of a good 

■ bjected to electrodeposition coating with 
.utes and baked at 170° C for 20 minutes 

a result, both of the coating film made 
ng film (35 u) were passed at 240 hours 



40 



50 



EXAMPLE 9 

Using the MoS2-c'^ !" 
trodeposition coating film 
treated with zinc phospl" ■ ' 

Using a one-coat c: z 
second coating layer wr. \ 
at 280 V for 3 minutes ; ■ 
of 20 (i was further d' 
hand, the same two-lay : 
coating with CED #1000 (: 
175'C for 20 minutes tt 

These coating film, 
singly of CED #1000 " 
hours and 840 hours, rt . 



20 
Sl:- "'. 

. trL .. 
jrc-;' 



sed in Example 3, a 15 u-thick elec- 
) on a two-layer alloy-plated steel plate 

lOOO" made by Shinto Paint Co., Ltd.), a 
..dting at a bath temperature of 28 * C and 
;esult, a coating film had a film thickness 
m and of a good quality. On the other 
:. -hate was subjected to electrodeposition 
id at 230 V for 3 minutes and baked at 
s of 20 u. 

a result, both of the coating film made 
;oating film (35 u) were passed at 480 
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Using the MoSa-cr 
trodeposition coating f 



sed in Example 3, a 15 u-thick elec- 
! under the same conditions. Using an 



1 ■ 



BEST AVA8LABLE COPY 

P 0 -6 327 □! 



oloctrodoposition powdor cc 


) ( 


•k)" .,.!o 


' ■ -nto Paint Co., Ltd.), a second coating 


layer Was proviQQQ inorer . . . 


tior. 


itin. 1 I. iperature of 25 • C and at 200 V for 30 


seconds and baksd at 1 80 ° 


11 ;S. / 


.; roi" . 


c •> film had a film thickness of 40 u was 


further deposited, and the c/"- 


ar .5 1: 


. m ; : . ; p. ^; luality. 


These coating films we: 


■.'C' :-.> 


•prcT, .;. 


A H .iult, they were passed at 1000 hours. 


In the light of the abovr.. 


1 -vith 


■ pre in- 1, an electrodeposition coating film with 


varistor property is obtaina' 


, n 


nly 1 i! p 


^ to undergo two-layer electrodeposition 


coating, but also superior ; 


ch . 


higl- : ■ .)■. 


operty, high corrosion resistance, and 


edge corver property are t 




- it ■ ■ -s 


^ undergo multistage electrodeposition 


coating, and a coating film 


■■' 


jkni. nci corrosion resistance can be obtained. 


Moreover, since there are v;. 




ucli .:' nn 


that a coating system by the multicoat 


coating mode which has b ■ 




'.VCI.'- . C-I 


'eposition coating can be achieved like 


the usual coating, the p. - 




:<p: . : t 


'lely applied in the various industrial 


coating areas. 








i^iaimS 








1. An electrodeposition <^ 


J 


OOS. 


forming a coating film with varistor 


property, which contnii 




vc,; ■ ' 


lonum disulphide powder per 100 parts 


by weight of the solirls 








2. A coating method whic! 




rst ■ 


' on coating layer on a metal article by 


electrodeposition co? '-^ 




. '\or 


1 -rming composition as in claim 1 and 


then forming a secc . 


r 




. St electrodeposiUon coating layer by 


electrodeposition witi 






' mposition as in claim 1. 


3. A coating method whi<: 






p.. on coating layer on a metal article by 


electrodeposition coaiii; . 






.r ' ' orming composition as in claim 1 and 


then forming a secon. 




.-I • ■ : 


• ';rst electrodeposition coating layer by 


electrodeposition wi;h . 




.... . 




4. A coating method as i 




1 ir. 


i second electrodeposition coating layer 


on said first electroc' : 






•he varistor voltage (critical voltage) is 


applied. 








PatentansprUche 








1. Filmbildende OberzLi-: 






], die fShig ist, einen Oberzugsfilm mit 


Varistor-Eigenschaft : 


e .■■ 




is 50 Gewichtsteile Molybdandisulfid- 



Pulver pro 100 Gew" 



Beschichtungsverfal ; 
einem Metallartikel 
dungs-Uberzugszus' 
dungs-0 berzugssch ii 
mit einer filmbildend 

Beschichtungsverfahi . 
einem Metallartikel <: 
dungs-Uberzugszusf:! 
dungs-0 be rzugsschic 
dung mit einem anio.i 



^iroabscheidungs-Uberzugsschicht auf 
t einer filmbildenden Elektroabschei- 
Tmen einer zweiten Elektroabschei- 

jgsschicht durch Elektroabscheidung 

oizung nach Anspruch 1 . 

iroabscheidungs-Uberzugsschicht auf 
t einer filmbildenden Elektroabschei- 
rormen einer zweiten Elektroabschei- 

' berzugsschichtdurch Elektroabschei- 

slack. 



4. Beschichtungsverfah 
dungs-Oberzugssch; 
wird, die die Varistd; 



ormen dieser zweiten Elektroabschei- 
ngsschicht eine Spannung angelegt 
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Revendlcations 



1. Composition film ^en. 
ayant une propri. 

5 de molybdfene pi jr i 

2. Proo6d6 de revciom' 
tion sur un article me 
de revetement par e 

10 rev§temenl par e'3C'. 
une composition f.lmc 

3. Proc6d6 de reveteme 
sur un article m-' "i:ir 

75 rev§tement par :c 
revetement par ?c 
une 6lectrod6poi^tion 

4. Proc6d^ de revoiem 
20 de revetement pir f 

on applique une lenr 



depos ; :: pable de former un film de revetement 

c itlent ' larties en poids de poudre de disulfure 

'< i' iu soli. ■ 

LI 3 prer c uche de rev§tement par 6lectrod6posi- 
i; ar 6le' x- , sition avec une composition filmogfene 

•• -indlcfi 1 lu'is h former une seconde couche de 

i; 2re coi c; • revetement par 6lectrod6position avec 

(:\. nrod^f ' t, I salon la revendication 1. 

uti ! prmie ; : .rhe de revetement par electrod^position 

; lectro ., . I n avec une composition filmogSne de 

licatir i : is Si former une seconde couche de 

:re c. i ' 3 revetement par 6lectrod6position par 

; ■ ipositi ;nique ou cationlque. 

r ->u 3, f uel, en formant ladite seconde couche 

^mifer 1 de revetement par 6lectrod6position, 

,sista; ble (tension critique). 



25 



30 



35 



40 
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so 
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